4,5-Diphenyl-substituted N-(R 1 -aryl)-isothiazolium salts 4 react with anilines 2 (R 2 ) to form 4,5-disubstituted N-(R 2 -aryl)-isothiazolium salts 4. The influence of donor and acceptor substituents in the N-aryl ring of 4 and in the anilines 2 on the course of the exchange was studied. The structure of the salts 4 was confirmed by a crystal structure determination of 4i.
Introduction
The reactivity of isothiazolium salts toward nucleophiles is higher than that of isothiazoles. As a consequence, the tendency of nucleophilic ring cleavage by quaternization of isothiazoles increases [1] .
Isothiazolium salts are characterized by a high synthetic potential [1] . Therefore, they react with N-nucleophiles like ammonia, primary amines, hydrazines and hydroxylamines by ring transformation and with retention of the ring size to isothiazoles, pyrazoles and oxazoles [2, 3] . The synthesis of 3-aminopyrroles by ring transformation of substiuted 5-aminoisothiazolium salts has been investigated [4] . N-Aryl-isothiazolium salts with an active methyl or methylene group in 5-position of the isothiazole ring rearrange in a base-induced reaction with secondary amines such as DCHA by deprotonation and oxidative dimerization to thieno-annulated N-aryl-6aλ 4 -thia-1,6-diazapentalenes [5 -9] , spirocyclic isothiazolium salts [10, 11] and thianthrene derivatives [10] . In contrast, weaker bases, such as substituted anilines, compete due to their basicity and nucleophilicity in the reaction with Naryl-4,5-dialkyl-isothiazolium salts. Thus, ring transformation occurs by nucleophilic attack of aniline at the 5-position inducing virtually a migration of the sulfur atom to the 3-position of the ring and elimination of aniline. The reaction of 5-methyl-or methylen-substituted salts 1 with anilines 2 (R 1 ) thus gives 0932-0776 / 08 / 0400-0473 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Scheme 1. Reaction of 4,5-dialkyl-isothiazolium salts 1 with anilines 2.
rearranged 3,4-disubstituted salts 3 (R 1 ) (Scheme 1) [1, 12] . Here, we report on our studies of the reaction of 5-phenyl-isothiazolium salts 4 (R 1 ) with substituted anilines 2 (R 2 ).
Results and Discussion
The isothiazolium salts 4 were conveniently synthesized by intramolecular cyclocondensation of β -thiocyanatovinyl aldehydes and anilines 2 in the presence of perchloric and glacial acetic acid [8] . The substituents of the 2-aryl ring (R 1 /R 2 ) were graded according to the pK a value of the corresponding anilinium ions.
We have investigated the reaction of these 4,5-diphenyl-isothiazolium salts 4 (R 1 ) with various substituted anilines 2 (R 2 ) in the presence of methanol (50 • C, 22 h). After purification and isolation the new isothiazolium salts 4 (R 2 ) were received. Interestingly,
Scheme 2. Reaction of 4,5-diphenyl-isothiazolium salts 4 with anilines 2.
all 5-phenyl-isothiazolium salts 4 (R 1 ) react exclusively by aniline exchange to give salts 4 with R 2 in the N-aryl ring and in no case by ring transformation and exchange of aniline to 3,4-diphenylisothiazolium salts 5 (Scheme 2), observed previously for 5-methylor methylen-substituted salts (see Scheme 1) [12] . Further, we studied the influence of substituents in the N-aryl ring of salts 4. In previous studies, Noack [13] found that the reaction of acceptorsubstituted salts 1 (R = CH 3 , R 1 = 4-Cl, 4-Br) with donor-substituted anilines 2 (R 2 = 4-CH 3 , 4-OCH 3 ) always yields salts 3 bearing an electron-donating substituent R 2 after ring transformation and exchange of the aniline moiety. Similar results could also be expected for the aniline exchange of 4,5-diphenyl-isothiazolium salts 4.
Therefore, the acceptor-substituted salts 4a [14] , b [15] and 4d [16] (R 1 ) were reacted with donorsubstituted anilines 2f, g, i in alcohol (Table 1) . Not surprisingly, the salts 4a, b, c (R 1 ) were converted by exchange of aniline to isothiazolium salts 4f, g and 4i [17] (R 2 ) in good yields (55 -73 %). Compared to the conventional synthesis of the donor-substituted salts 4f, g and 4i [17] (31 -42 %) by intramolecular cyclocondensation of β -thiocyanatovinyl aldehydes with anilines 2, the transformation of acceptorsubstituted salts 4 by aniline exchange is a good alternative method to receive salts 4f, g and 4i in improved yields.
It should be noted that in all transformations reported here, in salt 4, e. g. 4a [14] (R 1 = 2-NO 2 ), the aniline group present in the precursor was displaced by a more strongly basic aniline 2, e. g. 2g (R 2 = 2-OCH 3 ), to form the salt 4g (R 2 ). Table 1 . Aniline exchange of salts 4a, b, d. Table 2 . Aniline exchange of salts 4a -e.
The mechanism of aniline exchange could be explained by the nucleophilic attack of the aniline 2 (R 2 ) at the C-3 carbon atom of the isothiazolium ring to form the intermediate 6, followed by S-N ring cleavage resulting in the acyclic species 7. After elimination of aniline 2 (R 1 ) and nucleophilic N→S cyclization the aniline exchanged salt 4 (R 2 ) is obtained (Scheme 3) [3] . In another possible pathway of this transformation, the aniline 2 (R 2 ) undergoes nucleophilic attack at the sulfur atom of salt 4 (R 1 ) to form 7 by ring cleavage. After cyclization to give the intermediate 6 and elimination of aniline 2 (R 1 ) from the C-3 position of the isothiazole the salt 4 (R 2 ) is obtained [2] .
Further, we studied the reaction of acceptorsubstituted salts 4a [14] , b [15] , c, d [16] , e with the unsubstituted aniline 2h (R 2 = H). The results are presented in Table 2 . In all of these cases, the transformation by aniline exchange gave the unsubstituted salt 4h [17] in good to high yields (62 -93 %). We also investigated the conversion of isothiazolium salt 4h [17] (R 1 = H) with substituted anilines 2a -e (R 2 ). As expected, in no cases an aniline-exchanged salts 4a -e (R 2 ) could be obtained, and the starting salt 4h (R 1 = H) was recovered.
All synthesized isothiazolium salts were characterized after the ring transformation by 1 H, 13 C and IR spectroscopy as well as mass spectrometry (see Experimetal Section). The structure of the anilineexchanged isothiazolium salt 4i (R 2 = 4-OCH 3 ) was confirmed by a crystal structure determination. The structure of the cation of 4i is presented in Fig. 1, and the crystallographic data are given in the Experimental Section.
In summary, the reaction of 4,5-diphenyl-isothiazolium salts 4 (R 1 ) with various substituted anilines 2 (R 2 ) gives the salts 4 with R 2 by exchange and elimination of aniline 2 (R 1 ). We have developed an useful method for the synthesis of donor-substituted salts 4f, g and 4i [17] . The aniline exchange proposed for the 3,4-diphenyl salts 5, was confirmed by an X-ray structure determination of 4i. This rules out any ring transformation which was encountered with 4,5-dialkyl-isothiazolium salts 1. 
General procedure for the preparation of salts 4
The new salts 4c, e, f, g were prepared according to a literature procedure [8] . Compounds 4a [14] , 4b [15] , 4d [16] , 4h [17] and 4i [17] have been described elsewhere. CCDC 678529 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
2-(4-Methylsulfonylphenyl)-4,5-diphenylisothiazolium perchlorate (4c)
Yield
2-(4-Methoxycarbonylphenyl)-4,5-diphenylisothiazolium perchlorate (4e)
